Abstract
Introduction
According to a WHO report, cardiovascular disease (CVD) is estimated to become the leading cause of morbidity and mortality worldwide by 2020 [1] . As the risk factors of CVD, pre-hypertension and hypertension are important public health challenges worldwide [2, 3] . Therefore, an effective strategy for preventing CVD requires increased prevention of hypertension along with timely diagnosis and appropriate treatment of hypertension [4] .
A large number of studies have been conducted to evaluate the prevalence, awareness, treatment and control of hypertension among the Chinese [5] [6] [7] [8] [9] [10] [11] [12] , but data on recent trends of prehypertension and hypertension prevalence are rare in China [13] [14] [15] [16] . In developed countries such as the US, studies have reported trends of hypertension prevalence, particularly for older US adults [17, 18] . However, few studies have focused on the trends of pre-hypertension and hypertension specifically for the aging population in urban areas of China. The aging population presents a serious challenge for China; individuals aged 60 and 80 years will constitute 29.7% and 7.6% of the total Chinese population by 2050, respectively [19] . Given the anticipated growth of the elderly population in China, there is an urgent need to document the conditions of pre-hypertension and hypertension in this population.
As the capital of China, Beijing is highly developed and urbanized. To explore the situation of pre-hypertension and hypertension among the aging population during the past decade of rapid development and change, the current study reported the prevalence of pre-hypertension and the prevalence, awareness, treatment and control of hypertension in participants aged 60 years in two cross-sectional surveys that were conducted in 2001 and 2010 in Beijing, China.
Methods

Study design
As described in our previous study [20] , a two-stage stratified sampling method was conducted to recruit participants aged 60 years and older in the Wanshoulu Community within the Haidian District, a metropolitan area that was representative of the geographic and economic characteristics of Beijing in 2001. First, we used the randomized cluster sampling method to randomly select 9 of the 94 communities in the Wanshoulu Community. Second, all of the households with elderly residents were selected from the 9 communities, and one elderly resident from each household was selected. A total of 2,680 elderly individuals were selected and invited to participate in our survey. A total of 2,334 participants completed the survey (the response rate was 87.1%). After excluding 62 people with incomplete data, a total of 2,272 participants (943 males and 1,329 females) were included in our survey in 2001.
In 2010, we conducted a second cross-sectional survey in the same district using the same method as with the 2001 survey. In the second survey, 2,162 of 2,510 elderly participants completed the survey (the response rate was 86.1%). After excluding 88 people with incomplete data, a total of 2,074 participants (839 males and 1,235 females) were included in our 2010 survey. After the two surveys were completed, we found that a total of 731 participants (33%) were included in both surveys. This study was approved by the Independent Ethics Committee of the Chinese People's Liberation Army General Hospital; signed informed consent was obtained from all the participants.
Data collection and measurement
Each participant completed a face-to-face interview and a standardized questionnaire on demographic characteristics such as age, gender, marital status, medical history, family history of chronic disease and lifestyle characteristics. Trained observers measured each participant's height, weight, waist circumference and blood pressure according to the standardized protocol. Height was measured in meters (without shoes), and weight was measured in kilograms (heavy clothing was removed, and one kilogram was deducted for remaining garments). Waist circumference was measured midway between the lower rib margin and iliac crest while participants were in the standing position [21] . Cigarette smoking was defined as having smoked at least one cigarette per day for more than one year [22] . Alcohol consumption was defined as drinking alcohol at least 12 times during the past year [23] . Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared [21] . The participants were stratified into the following four age groups: 60 to 64, 65 to 69, 70 to 74 and 75 years. Overnight fasting blood specimens were obtained for the measurement of serum lipids and glucose, and the samples were sent to the central certified laboratory of the Chinese PLA General Hospital within 30 minutes.
BP measurement and definitions
The participants were advised to avoid alcohol, cigarette smoking, coffee or tea and exercise prior to blood pressure measurement. Two measurements were obtained from the right arm using standardized mercury sphygmomanometers while participants were in a sitting position [24] . Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were defined as the averages from the two readings. If the two measurements differed by over 10 mmHg, the observers measured the blood pressure a third time and calculated the average of the three measurements as the final measurement.
Based on the measured blood pressure, the participants were classified into the following three groups: optimal blood pressure, pre-hypertension, and hypertension. Optimal blood pressure was defined as a mean SBP <120 mmHg and DBP <80 mmHg. Pre-hypertension was defined as SBP 120 mmHg and <140 mmHg or DBP 80 mmHg and <90 mmHg. Hypertension was defined as SBP 140 mmHg and/or DBP 90 mmHg and/or the self-reported use of antihypertensive medication in the previous two weeks [25] [26] [27] . Among the participants who were defined as hypertensive in the review, awareness of hypertension was defined as any prior diagnosis of hypertension by a health care professional, treatment of hypertension was defined as use of prescribed antihypertensive medication within the previous two weeks, and control of hypertension was defined as an average SBP <140 mmHg and an average DBP <90 mmHg and was associated with pharmacological treatment of hypertension [28] . The Eighth Joint National Committee (JNC-8) proposed the treatment blood pressure goal of less than 150/90 mmHg among individuals aged 60 years or older [29] . We defined the control of hypertension as SBP <150 mmHg and/or DBP <90 mmHg in a subsequent sensitivity analysis.
Statistical analysis
The data were entered (double entry) using Epidata (3.1) and analyzed using SPSS (Inc., Chicago, IL, USA) for Windows (19.0) . A two-sided P-value of <0.05 was considered statistically significant.
The prevalence of pre-hypertension and the prevalence, awareness, treatment and control of hypertension were standardized by age and sex. We weighted the survey data, and age-and sex-standardizations (both treated as the dichotomous variables) were performed based on the urban population distributions in Beijing in 2001 and 2010 [30] . The baseline characteristics were described using descriptive statistics, and t-tests and chi-square tests were used to examine differences in the continuous and categorical variables, respectively. Prevalence in the two surveys from 2001 and 2010 was compared using a chi-square test. A logistic regression was used to calculate the factors associated with the awareness, treatment and control of hypertension in the 2001 and 2010 surveys.
We conducted sensitivity analyses of subject characteristics and the prevalence, awareness, treatment and control of hypertension during 2001-2010 after excluding those individuals who were included in both surveys (n = 731).
Results
As shown in Table 1 Prevalence of pre-hypertension and hypertension Table 2 shows the crude age-and sex-standardized prevalence of optimal blood pressure; prehypertension; hypertension; and the awareness, treatment and control of hypertension among females and males in the two surveys from 2001 and 2010. From 2001 to 2010, the proportion of the population with optimal blood pressure decreased significantly, and the age-and sex-standardized prevalence of pre-hypertension decreased from 27.2% to 25.5%, particularly in females (26.7% to 22.7%, P = 0.021). Additionally, the prevalence of hypertension significantly increased from 60.1% to 65.2% (P = 0.001), particularly in females (60.6% to 68.3%, P<0.001). Males had a higher prevalence of pre-hypertension Table 2 There were no significant sex differences in pre-hypertension and hypertension prevalence in 2001, but the trend was similar to that in 2010. After stratifying the participants into four age groups, the results indicated that the prevalence of pre-hypertension decreased with age and that hypertension markedly increased with age. The greatest decline and increment were in the subgroup of those aged 65-69 years in both sexes (Fig 1A and 1B) . As shown in Fig 1B, the age-specific prevalence of hypertension increased in all age groups from the 2001 to the 2010 survey, except for those aged 65-69 years. From 2001 to 2010, the prevalence of hypertension was highest among the subgroup of participants aged 70 years in both sexes.
Awareness, treatment and control of hypertension
Among the participants who had hypertension, 69.8% were aware of their condition in 2001, and this rate significantly increased to 74.5% in 2010 (P = 0.007), particularly in females (from 70.6% to 76.0%, P = 0.013).
From 2001 to 2010, there was a significant increase in hypertensive patients receiving treatment both in males (50.3% to 63.7%, P<0.001) and females (50.7% to 68.0%, P<0.001).
In 2001, only 15.3% of patients with hypertension had controlled their blood pressure to reach the optimal range, but in 2010, this proportion approximately doubled to 30.3% (31.1% for males and 29.3% for females, both P<0.001).
The age-specific subgroups in both sexes indicated that the participants aged 60-64 years and 75 years had both the lowest hypertension awareness and treatment rates in both surveys (Fig 1C and 1D) . In 2010, the participants aged 60-64 years had the highest hypertension control rate (Fig 1E) .
Factors associated with awareness, treatment and control of hypertension
The logistic regression model analysis results of factors associated with hypertension awareness, treatment and control in 2001 and 2010 are shown in Table 3 . A higher education level, a higher BMI, a family history of hypertension and doctor-diagnosed CVD were all significantly associated with hypertension awareness and treatment in both 2001 and 2010. A lower age, a higher education level and doctor-diagnosed CVD were significantly associated with hypertension control in 2001. We also found that a lower BMI and a family history of hypertension were significantly associated with hypertension control in 2010.
Sensitivity analysis
After excluding the data of the 731 participants who were included in both surveys, we assessed the subject characteristics and the prevalence, awareness, treatment and control of hypertension in 2001 and 2010 (S1 and S2 Tables), and the results were similar to those reported above. According to the new treatment blood pressure goal (JNC-8) of the elderly participants [29] , the control rate of hypertension significantly increased from 25.3% in 2001 to 36.9% in 2010 (S3 Table) .
Discussion
To our knowledge, the present study is the first to report the trends of pre-hypertension prevalence and hypertension prevalence, awareness, treatment and control in the past decade in an elderly population in Beijing, China. Two cross-sectional surveys were conducted with participants aged 60 years in the same district and using the same methods in both 2001 and 2010. The results showed that the age-and sex-standardized prevalence of pre-hypertension decreased and that the prevalence, awareness, treatment and control of hypertension all increased significantly from 2001 to 2010. [13] , and the prevalence of hypertension in a northern Chinese population increased from 68.6% in 1991 to 71.2% in 2011 [14] . However, the prevalence of hypertension in US elderly individuals has been relatively stable over the past decade [31, 32] , and the prevalences of hypertension in the present study of participants aged 75 years [31] .
From 2001 to 2010, the prevalence of pre-hypertension decreased, whereas the prevalence of hypertension increased with increasing age, which is consistent with other studies [13, 15 33, 34] . Males had a higher prevalence of pre-hypertension but a lower prevalence of hypertension, particularly in 2010, demonstrating a trend similar to that reported for the subgroup aged 65-74 by Gu et al. [28] . These results indicate that females in the aging population might have an increased chance of developing hypertension if they are pre-hypertensive. Whether gender influences the progression of pre-hypertension to hypertension among elderly people might be an interesting topic to explore with a larger sample size in the future. Among the participants with hypertension, the awareness, treatment and control of hypertension all significantly increased from 69.8% to 74.5%, 50.3% to 63.7%, and 15.3% to 30.3%, respectively, from 2001 to 2010. These rates are higher than those of Xi et al [16] , who reported increases of 38.7% to 54.3% for awareness, 30.5% to 49.0% for treatment, and 6.1% to 12.0% to control from 2000 to 2009 among participants aged 60 years. The rates found in the present study are also higher than those of Zhao et al [15] , who reported increases of 39.1% to 49.2% for awareness, 28.1% to 43.4% for treatment, and 4.4% to 7.1% for control from 1999 to 2007 among all age groups. Furthermore, the rates of the present study are higher than those of a 2007 southeast Asian study of 19,848 participants aged 65 years [35] . Both the increase in the education level of our population in the past decade (from 57.7% to 72.1%) and preventive measures from the government and health professionals during this time might have contributed to the increases in awareness, treatment and control of hypertension. However, the prevalence remained lower than in the US elderly population (73.4% to 84.0% for awareness, 72.4% to 85.3% for treatment, and 34.1% to 54.9% for control from 2001 to 2010) [31] and in participants aged 65 years in Macau, China (79%, 75% and 35% for awareness, treatment and control, respectively, in 2012) [11] . Given the rapid social and economic changes occurring in China, public health strategies should be developed to meet the need of the aging population in China, particularly by providing more effective pharmacologic interventions aimed at elderly hypertensive patients.
Previous studies have found that older age and a higher BMI are associated with greater hypertension awareness and treatment but poorer hypertension control, which is in accordance with the current report [8, 9, [36] [37] [38] [39] . A family history of hypertension is also significantly associated with greater hypertension awareness, treatment and control [8, 9, 40] . Participants who know their high risk of hypertension pay special attention to their blood pressure. Other studies have reported that being female, being retired, being married and cigarette smoking are all related to hypertension awareness, treatment and control, [8, 10, 39] , although these variables did not reach statistical significance in the present study. We found that more females than males were both aware of their hypertension condition and received treatment, but the percentage of controlled hypertension was slightly lower among females than among males. The associations between education level and hypertension awareness, treatment and control are inconsistent among previous studies. A multi-ethnic Asian population study [39] and Wang et al. [9] reported that high education levels were associated with poor hypertension awareness and treatment, but Tian et al. [33] reported that increased awareness and treatment were found among those with high education levels, which is consistent with the findings of the present study. The differences among populations might be partially attributed to differences in education level; thus, a larger sample size is required to detect more factors associated with hypertension in future research. We also found that diagnosed CVD was significantly associated with hypertension awareness, treatment and control, indicating that the control of hypertension is a key treatment for patients who are diagnosed with CVD and that lowering blood pressure can significantly reduce the risk of cardiovascular events [41] .
The age of the urban elderly population increased significantly over the decade evaluated in the current study. We previously found the same result in other areas of China [13] [14] [15] , which suggests the aging of the population. The percentage of individuals more than 60 years old has dramatically increased during this time, and China has entered into an aging society [42, 43] . With the increased aging of the population, China is facing many challenges in adequately meeting the medical demand for chronic disease treatment [44] . The prevalence of multiple chronic conditions (MCC) among individuals increases with age: the older the population, the greater the prevalence of MCC [45] . In the present study, we found that elderly people aged 60-64 years had fewer coexisting diseases than did those greater than 65 years old (data not shown), the latter of which increases the difficulty of treatment and control of hypertension. This may explain the higher control rate of hypertension in the relatively younger elderly population.
The present study has some limitations. First, because of the characteristics of cross-sectional studies, we could only observe the prevalence of hypertension at the two survey times and, thus, cannot infer causation. Second, we did not collect detailed information on diet, such as the amount of salt consumed. Therefore, we were unable to detect relationships between diet conditions and hypertension prevalence rates. Third, we measured blood pressure during a single visit, which might overestimate or underestimate the true prevalence of hypertension [15] . Fourth, we found that the mean age of participants in 2010 was significantly higher than that in 2001 and that the prevalence of hypertension significantly increased with age. Although the age-specific prevalence of hypertension approximately increased in all age groups, age might also be a confounding factor in the present study. Although we adjusted several potential confounding variables in the current analysis, differences between surveys in age and other unmeasured covariates might have affected the results of the present study. As Beijing is the capital of China, residents of this city might be more educated and wealthy than those in rural areas, and they might pay more attention to their health. These characteristics could explain the higher hypertension awareness, treatment and control rates in Beijing compared with other areas. Prospective studies with larger sample sizes are required to examine the causes of the trends of pre-hypertension and hypertension prevalence, awareness, treatment and control in the elderly population in the future.
In conclusion, according to two cross-sectional surveys, hypertension prevalence increased rapidly over the past decade among urban elderly residents in Beijing, northern China. Although the awareness, treatment and control of hypertension improved significantly, they remain low. We should pay greater attention to the elderly, as population aging is occurring worldwide. Thus, urgent action, optimal treatment approaches and proper public health strategies are needed for the prevention and management of hypertension, with the ultimate goal of lowering the incidence of hypertension-related chronic diseases. 
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